by W Russell Grant LRCP MRCS (Royal Hampshire County Hospital, Winchester) In medicine certain conditions occur for which the known counter measures are either ineffective or inadequate. When these conditions take on an acute form, and especially if they affect the young or the mother in childbirth, both the public and the medical profession are stimulated to seek to relieve them. By contrast more chronic and less dramatic conditions fail to capture the attention so vividly, although they may as they proceed produce situations just as painful and devastating. Into this category must fall the bedsore.
There is, however, a considerable amount of recorded work on the management of bedsores and a short historical review makes a logical starting point.
Sir James Paget (1873) suggested filling a tank with water and placing over it a loose waterproof sheet so that the patient could float on it and yet remain dry. This idea was abandoned mainly because the waterproof materials of that day were unsuitable and it was difficult to nurse patients so accommodated. This appears to be the earliest reference to the immersion type bed. Freeman (1906) stated that bedsores occurred most frequently in severe, lasting fevers such as typhoid, osteomyelitis, diabetes, Bright's disease and lesions of the central nervous system, and he added that a therapeutic bath should exist in every well equipped hospital. Trumble (1930) stated that the effect of pressure on living tissues was dependent upon its intensity and duration. The skin could stand very high pressure for a short period, or even for a great number of short periods if there were adequate intervals of freedom from pressure. In standing, the skin of the soles of the feet withstands compression which is often in excess of the systolic blood pressure but which is never maintained for long. As intensity of pressure increases, however, a point is reached at which the effects are irreversible on account of tissue disintegration; for example, a blow from a hammer. Usually less severe forces are concerned and the important factor is their duration. Trumble conducted experiments which involved fixing the bulb of a pressure gauge to the dorsum of the foot, with the foot placed on a plaster bed and the whole surrounded by a firm bandage. A pressure of 2 5 lb/ sq. in was required to obliterate a systolic blood pressure of 120 mmHg, whereas a pressure of 1-6 lb/sq. in could be tolerated for days. Trumble chose for his investigations a man 5 ft 8 in tall, weighing 150 lb, with a surface area of 2,790 sq. in. He deduced that if a fifth of this surface was used for weight bearing in recumbency the skin pressure was approximately 0 33 lb/sq. in. Groth (1942) described experiments with animals in which he produced, in cases of flaccid paralysis, what he called a deep malignant form of lesion which was irreversible due to degenerative tissue changes and capillary hsemorrhages. He emphasized that in these cases the overlying skin, though denervated, was healthy. Gardner et al. (1954) described the use of alternating pressure pads as one of the ways of treating ulcers. Guttmann (1955) considered factors which predispose to the occurrence of bedsores and classified them into intrinsic and extrinsic. Among the intrinsic factors are serious illness, old age, immobility, lowered tissue resistance to pressure, diminished ability to appreciate sensation of pressure, mental apathy, muscle weakness (this is particularly apparentwhen due to paraplegia). The extrinsic factors comprise local pressure caus-9 711
ing compression of tissues between bed and nearest bony prominences, and maceration of the skin from prolonged contact with the moisure from sweat, urine or feces. Guttmann also remarked that underlying muscles were more susceptible to pressure than skin. He made the point that sliding and shearing strains tended to cause more damage than pressure alone and consequently he condemned the use of shells of plaster of paris as a method of support for paraplegics; the shells inevitably fit badly because there is an early stage of increased body volume which is not permanent. Vilain (1960) stressed the importance as causative factors of medical disinterest, lack of observation of contact points, failure to recognize early danger signs, persistence of superstition, wrong preventive measures, and ignorance of the skin risk and of methods of averting it. Serfe (1960) reviewed and enumerated methods of relieving or redistributing pressure in these cases and considered the use of sawdust, sheepskin (real and man-made), turning frames, circoelectric beds, clino-tilting tables which enabled paraplegics to resume an erect posture, Sanders's motorized oscillator, and Sancock's lateral tilting bed. Scales (1961) described experiments employing currents of air used to support a human body. Initially it was estimated that the support required for a human body would be approximately 1-4 lb/sq. in with a variance plus or minus of 0-04 lb/sq. in. High pressure low volume air was used, being ducted through a centrifugal blower and passed through a porous membrane approximately the size of an average human body. The difficulty was that as soon as the body became airborne, air escaped and the body fell, producing rather an alarming up and down movement at a fairly rapid frequency. At this stage the hovercraft principle was considered, employing a large volume of low pressure air, by which a heavy body could be kept aloft on a cushion of air and the air prevented from leaking by an air curtain at the edges. By the use of twelve jets 6 in x 0-5 in working at a water pressure of 18 in he was able to show that air pressure of 0-75 lb/sq. in was sufficient to keep a body aloft, and this could be achieved if 2,000 cubic feet of air per minute were fed through the jets.
Ewing et al. (1961) described some experimental work on the use, care and laundering of sheepskin.
Irvine e i al. (1961) described experiments on loss of body weight and negative nitrogen balance and concluded from clinical tests that these factors had no appreciable effect. Norton (1962) , in an investigation of geriatric problems in hospital, emphasized the importance of recognizing two types of bedsore: those which begin on the skin surface and are characterized by maceration of devitalized skin, which produces an infected, shallow and painful ulcer; deep sores which arise in tissues overlying bony prominences, where there is considerable necrosis of muscle and fascia when they later extend to the surface, and with erythema as the only evidence of skin involvement in the early stages. Walsh (1963) in a dissertation on the prophylaxis and treatment of bedsores in the elderly has stated that they may require complete excision, and has commended the value of blood transfusions and a high protein intake. Bliss et al. (1966) reported an investigation of various types of mattress, including alternating pressure mattresses (ripple beds) designed to prevent pressure sores in geriatric patients. They stressed the importance of placing the patient on a special mattress before it was too late, and the need for regular checking and maintenance of any mechanical parts. The inability of small celled mattresses to protect patients with especially bony prominences, and to prevent sores of the heels, was noted, as was the fact that a tight cover might diminish the benefit of an alternating pressure mattress. The disadvantage of a tight cover, incidentally, is not confined to alternating pressure mattresses but affects every form of mattress. Mattresses of spring or foam construction without waterproof covers provide a pleasant uniform resiliency but, when covered with the normal thick, stiffish, waterproof material chosen by most hospitals for durability, they lose to a large degree the texture and density originally aimed at in their design and manufacture.
The Goulstonian Lecture by W I Cranston (1966) on temperature regulation is of great interest, especially in the section on the mechanism and control of heat production and heat loss. Two main regulating systems with receptors in the skin and hypothalamus are postulated although the interaction between them is imperfectly understood. Nevertheless an efficiently temperature-controlled environment can ensure that no serious sweating takes place.
The important factors in the management of bedsores are: prevention and early detection; general attention to nutrition, with avoidance of protein loss; physical problems. It is with the last item that this paper is concerned. The main considerations are pressure distribution, the effects of friction on the skin, the avoidance of shearing strains, and the avoidance of moisture which can lead to maceration of the skin.
In general the aim must be to keep all prolonged local or general pressure on the skin or deeper structures well below 5 lb/sq. in. It may be helpful to consider the pressures produced by various everyday activities. In this connexion the figures relate to a healthy male of body weight 150 lb and height 5 ft 8 in. When supporting full weight and standing on one heel only, there is available for weight bearing an area of 3-5 sq. in, giving a pressure of 43 lb/sq. in. When standing on tip-toe, i.e. on the forefoot, there is an area of 4-3 sq. in, giving a pressure of 35 lb/sq. in. With the foot flat there is an area of 10-6 sq. in, with a pressure of 14 lb/sq. in. When sitting, the area is approximately 120 sq. in, giviIng a pressure of 1-25 lb/sq. in. Such calculations, however, make no allowance for factors such as underlying bony points, and clearly most of these postures could not be constantly maintained for long periods without irreversible changes taking place in the skin and deeper structures.
Experiments carried out in connexion with space travel included various methods of simulating weightlessness, one of which made use of the buoyancy of water enclosed in a very thin loose waterproof cover. These experiments seemed to offer great possibilities for supporting a body in bed by exploiting the buoyancy of water to provide support with a maximum distribution of weight over the greatest possible area, and with the elimination of potential pressure points, since the pressure applied to the body would be directly proportional to the depth the body sank into the liquid and would normally be less than 1 lb/sq. in. Friction could virtually be eliminated and the water would help to control body temperature at a level below that at which sweating takes place. This is particularly important in regard to the weight bearing portions of the body from which heat loss is restricted owing to absence of air circulation.
In 1962, therefore, a prototype water immersion bed was constructed. Fig 1 shows the areas of the patient remaining above water level when floating. They are of course subject to variation with each individual according to weight and buoyancy distribution. The head is supported by a normal pillow. Fig 2 shows from below the area of the body which is submerged and therefore available for support. Fig 3 shows supported by floating in water. In this particular example the maximum depth is at the buttocks and represents a pressure of 6-7 oz/sq. in, which is very satisfactory.
The next consideration is the avoidance of the friction which can be produced by movement of the patient or by movements involved in drawing sheets, blankets or other materials from under the patient. With the immersion bed the pressure on these is so markedly reduced as to be of little significance.
Moisture has to be considered, whether resulting from sweat, urine or feces. In the case of sweat it can be very fully controlled by accurate temperature control of the immersion bath water.
Difficulty was at first experienced when a commercial thermostat having an ambience of about 5°F was used. This meant that if the patient were heated to a comfortable temperature of about 99°F the thermostat then switched off and remained off until the temperature had dropped to 94°F. At this stage the patient felt uncomfortably cold. If the thermostat was set higher, the temperature increase caused sweating to take place, with the consequent reduction in resistance of skin surfaces. In the first case tested, the deep bedsores were healed but we had a problem due to sweat rash. Using a thermostat with a variation of only 1°F sweating can be avoided as the bed temperature can be held at 98-99°F. With large areas submerged the body can be kept comfortably warm, while at the same time any tendency to an excessive rise in temperature is counteracted, since when the body temperature exceeds that of the immersion bath it gives out heat to the water.
In regard to moisture from other forms of excretion, we have not yet had any cases with frcal incontinence, but urinary incontinence has been a problem particularly with cases of disseminated sclerosis. We had no hesitation in fitting such patients with indwelling catheters which are normally released every two hours. Incidentally, we have found that moisture due to incontinence is more satisfactorily dealt with by simply wiping dry from a waterproof surface rather than by use of an absorbent material which has to be constantly changed.
I am sometimes asked if it is not very uncomfortable for patients to have to remain lying on their backs. In point of fact it is not. I have slept in such a bed for a whole night and found that after a very few minutes I got used to the position and found it comfortable. After using it for patients for nearly two years I have had no complaints from them about the disadvantages of being unable to turn onto their sides. The various studies on sleeping indicate that the sleeper is constantly readjusting his position; I think this must occur when the parts of the body subjected to pressure become uncomfortable and unconsciously the sleeper turns to relieve these pressure points. With a pressure of not more than 033 lb/sq. in discomfort due to pressure does not arise.
Nursing problems are far less than might be imagined since it is extremely easy to place a bedpan under a patient when the only force necessary is that required to submerge the bedpan beneath the surface of the water; this requires a very small effort compared with the alternative of lifting the patient. When changing any materials under the patient, friction (which in any case is minimal) can be almost entirely eliminated if the material is pressed down below and away from the body.
A brief review of the prototype immersion beds, marks 1, 2 and 3, may be helpful. The essential features involved are a water container; a film of waterproof material, either a man-made fibre or oiled silk; a method of heating the water; a method of controlling the heating; and a method of circulating the water. The first bath (mark 1) was made of stainless steel and was hemicylindrical with squared-off ends. This presented certain problems in operation and was not the best shape for maintaining an even temperature throughout the bath. Circulation was by means of an ordinary domestic central heating circulating pump and water was warmed to 99-100°F by an immersion heater in the specially constructed container. In the mark 2 the bath was made of fibre glass and was more rectangular, with rounded corners, which improved the water circulation; an industrial type of water heater was used. The circulation of the water from the heating element was further improved by the conversion of the relatively high speed narrow jet of water into a lower speed but greater volume flow, by means of a venturi tube. In every case the sound of the circulating motor was inaudible unless the ears were actually below the level of the water.
For the purpose of nursing procedures various methods of 'running the patient aground' were tried; the first of these methods were mechanical and they failed because it was difficult to control and operate them under water. Subsequently it was found quite simple to slide a terylene covered foam mattress under the patient; this required minimum effort by the nursing staff and caused no damage to the patient. For the few minutes that the patient was so supported for nursing procedures the temporary increase in pressure did not lead to any deleterious effects on account of circulatory disturbances. The mark 2 is now in normal use for bedsores.
The problem of supporting large area burns by means of the immersion bed is also being investigated and for this the mark 3 immersion bed ( Fig  4) has been produced. Here the problem is complicated by the large quantity of serum exudation. This can be controlled by reducing the body temperature and a refrigerator element (not shown in Fig 4) has been added which is capable of reducing the bath water temperature to 650F. After remaining at a reduced temperature for some hours, the temperature can be brought back to a normal level without recurrence of the serum exudation.
Fears have been expressed that such a piece of equipment as a highly sophisticated water immersion bed might weigh too much and require specially strengthened floors to support it. In the one we have designed and constructed the bed size is approximately 7 ft x 3 ft 6 in and 2 ft 6 in high; the total weight, minus the patient is 1,232 lb, and no such problems have arisen.
From clinical use of the immersion type bed it appears to have advantages over methods previously used in treating cases where it is desirable to eliminate the factor of pressure by reducing to a minimum the pressure of the supporting medium. Furthermore, the accurate control of body temperature on a heat exchange basis enables sweating to be virtually eliminated; thus one of the chief causes of soggy macerated skin and subcutaneous tissues is removed. I therefore feel that Freeman's recommendation of 1906, that a therapeutic bath should exist in every wellequipped hospital, is now fully endorsed.
